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EW  RESULTS  !;■.  I riFLl  )E:  C I r.T.  LIFT  uF  Wi^GS 

* A TEW  YEARS  A^iO  I'R  . 5-UME  ADVISED  US  TO  TRY  TO  REPLACE 
THE  USUAL  MOVABLE  RUDDER  WITH  SOME  OTHER  DEVICE,  WHICH  DID 
NOT  CONTAIN  SO  MANY  SENSITIVE  "ARTS.  ! HAVE  rOLLOWED  THIS 
SUGGESTION.  RESEARCH  ON  THE  SUBJECT  HAS  LED  TO  VERY  SATIS- 
FACTORY SUCCESS.  There  was  another  very  significant  result, 
SINCE  DURING  THE  EXPERIMENTS  THE  LIFT  COEFFICIENTS  OF  THE 
WINGS  EXCEEDED  THE  USUALLY  OBTAINED  RESULTS.  I WANT  TO  REPORT 
DRIEFLY  ABOUT  IT. 

At  first  I PROPOSED  A DEVICE,  WHICH  AFTER  SOME  PRELIMINARY 
TESTS  WAS  SHA.PED  ACCORDING  TO  FIGURE  I. 


Figure  I.-  Wing  with  rounded  trailing  edge  and  blowing  slots. 
Thereby  the  trailing  edge  is  not  sharp,  as  usual,  but  bluntly 
ROUNDED.  For  the  normal  profile  the  lift  of  the  wing  is  deter- 

MiriED  AT  A GIVEN  ANGLE  OF  ATTACK  BY  THE  SMOOTH  CONFLUENCE  AT 
THE  TRAILING  EDGE.  ThE  POSITION  OF  THIS  STAGNATION  POINT  AT 
THE  TRAILING  EDGE  iS  DETERMINED  BY  THE  SHIFTING  OF  BOUNDARY 
LAYERS  ON  THE  SUCTION  AND  PRESSURE  SIDES.  It  MUST  BE  POSSIBLE 
TO  CHANGE  THE  POSITION  OF  THIS  STAGNATION  POINT  AND  TO  CHANGE 
WITH  IT  THE  LM'T  OF  THE  WINGS  BY  INFLUENCING  THE  BOUNDARY  LAYER 
For  THIS  REASON  THERE  ARE  TWO  SLOTS  NEAR  THE  TRAILING  EDGE, 
THROUGH  WHICH  THE  AIR  IS  DISCHARGED  THROUGH  THE  SLOT  ON  THE 
SUCTION  Sior.  The  FRICTIOI-;  layer  on  this  side  PECOMFS  RICHER 
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IN  energy  causing  less  diversion  than  UN  THE  PRESSURE  SIDE 
So  THE  POINT  OF  SEPARATION  MOVES  TOWARD  THE  PRESS URF  SIDE. 
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CAUSES  A DECREASE  IN 

1.  1 F T , 

The  experiments  done  by  one  of  my  assistants,  Mr.  Gchwier, 

SUBSTANTIATED  THIS  CONSIDERATION.  WiTH  PROPORTIONALLY  SMALL 
DISCHARGE  QUANTITIES,  THE  CHANGE  IN  THE  LIFT  COEFFICIENT  Ca 
CAN  EASILY  REACH  O.5  WHiCH  IS  COMPARABLE  TO  THE  EFFECT  OF  A 
DlFLECTCD  AILERON.  ThE  QUANTITY  COEFFICIENT  IS  ABOUT  .012, 
THAT  MEANS,  THE  DISCHARGED  QUANTITY  EQUALS  IN  UNDISTURBED  AIR 
FLOW  A THICKNESS  OF  .012  OR  1.2^  OF  THE  MEAN  CHORD. 

InOEPENDENV  from  this  DISCHARGE  METHOD,  MY  ASSISTANT 
,.F.  riEGENSCHEIT  DEVELOPED  A SUCTION  METHOD.  THIS  METHOD  IS 


SHOWN  IN 

FIGURE  2 . 
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SURE  SIDE  IS  A LITTLE  BIT  LONGER  THAN  THE  END  OF  THE  SUCTION 
SIDE.  If  the  AIR  IS  sucked  THROUGH  THE  SLOT,  A CONSIDERABLE 
LIFT  INCREASE  IS  measured.  WITH  THE  OPPOSITE  DEVICE  OF  THE 
END  OF  SUCTION  SIDE  LONGER  THAN  THE  END  OF  THE  PRESSURE  SIDE 
A DECREASE  OF  LIFT  IS  MEASURED. 

The  EFFECT  CAN  BE  EXPLAINED  IN  THIS  WAY.  THE  STREAMLINE 
WHICH  SEPARATES  THE  SUCKED  AIR  QUANTITY  FROM  THAT  WHICH  IS  NOT 
SUCKED  (in  figure  2 THE  HEAVIER  LINe)  CREATES  A NEW  CONTOUR 
OF  THE  PROFILE,  WHICH  IS  STRONGLY  ROUNDED  AT  THE  TRAILING  EDGE. 


Figure  2.-  Streamlimes 

SUCTION  ON  THE  WING 
TRAILING  EDGE  . 


bECAUSE  THERE  >S  n6  SURFAC'e  FRICTION,  AND  THAT  MEANS  NO  BOUNDARY 
LAYER  ON  THE  IMAGINED  PROFILE  LIMIT,  THERE  IS  NO  FLOW  DIVERSION. 

The  flow  follows  the  very  much  curved  trailing  edge  and  the 

POSTERIOR  stagnation  POINT  MOVEEi  TO  THE  PRESSURE  SIDE.  WITH 
THIS  DEVICE  AlSO  very  GOOD  EFFECTS  CAN  BE  OBTAINED.  ThE  SUCTION 
QUANTITY,  WHICH  IS  NECESSARY  TO  INCREASE  THE  LIFT  COEFFICIENT 
Ca  fOR  » IS  GIVEN  BY  THE  QUANTITY  COEFFICIENT  Cq  = 0.00'J. 

It  is  ABOUT  40>^  SMALLER  THAN  FOR  DISCHARGE. 


Figure  3 shows  a rucv.'  in  a fiiuKOuii\Amii,  iAi'<r\,  vVt.  uan  ooslhvl 

FROM  THE  STRONG  DEVIATION  OF  THE  STREAMLINES,  THE  LARGE  LIFT. 

And  besides,  this  'lift  is  obtained  without  a large  angle  of 
attack. 


•Higher  lift  c o e f r • c i e n t s were  reached 


INSTEAD  OF  A SIMPLE  ROUNDING  OF  THE  TRAIL  i 
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FLAP  WAS  USED  AfJD  DURING  SUCTIOIJ 


SPLIT  FLAP  WAS  USED 


FIGUKE  -4  SHOWS  THE  M E Ti  T I 0 W E D A K R A G E M E N T A D THE  CORRESPONDING 

PLOW.  We  see  that  the  flow  is  completely  separated  at  the 

LEADING  EDGE,  DOT  IS  ATTACHED  AGAIN  AT  THE  TRAILING  EDGE.  If 
WITH  THIS  DEVICE  WITH  ALMOST  CONSTANT  SUCTION  THE  VELOCITY  OF 
THE  WIND  TUNNEL  IS  DECREASED  THE  LIFT  IS  NOT  DECREASED  PRO- 
PORTIONALLY, BUT  LIFT  COEFFICIENTS  WERE  OnTA'-'ED  WHICH  WERE 
COMPLETELY  CNKuOWN  FOR  WINGS.  WiTH  BOTH  THT  SUCTION  AND  THE  DIS~ 
CH-^RCE  METHOD  VALUES  WERE  OBTAINED.  I'O  GIVE  AN  IDEA  OF  THE 
MEANING  OF  IHESE  VALUES,  I 0^;LY  WA,';T  TO  MENTION  I HAT  THE  MAXI- 
MUM LIFT  COEFFICIENTS  OF  THF  USUAL  WING  ARF  ABOUT  I.O*  WiTH 
LANDING  FLAPSAND  SIMILAR  DEVICES  LIFT  COEFFICIENTS  OF  CAN 

3E  REACHED.  vVlTH  THE  PRESENT  BCJI4DARY-LAYER  SUCTION  IN  CONNEC- 
TION WITH  FLAPS  WE  CAN  OBTAIN  LIFT  COEFFICIENTS  AROUND  4„  OnLY 
I HE  ROTAKY  CVLI.^UtH  GIVES  A SIMILAR  LiTT  COErriCiCNT** 

The  high  coefficients  of  the  wing  are  very  surprising, 

SINCE  THE  THEORETICAL  ri  A X I M 0 M VALUE  FOR  A F C AT  PLATE,  WHICH  IS 
OBTAINED  WHEN  THE  FRONT  AND  THE  REAR  STAGNATION  POINTS  CONVERGE 
CM  THE  PRESSURE  SIDE,  IS  2 T OR  ABOUT  6,  SO  NATURALLY  WE  MUST 
ASK  HOW  SUCH  A HIGH  LIFT  COEFFICIENT  IS  POSSIBLE. 


9 


5 


C A c. 


loruAnQr 


11  t Z'  u 


D A o *r  I A I I V r A or 


explained  that  the  reaction  of  the  dottom  deflected  discharge 

JET  GIVES  A PART  OF  THE  LIFT;  BUT  IT  DOCS  NOT  SEEM  TO  BE  THE 
MAIN  PART.  iN  THE  CASE  OF  THE  SUCTION  SUCH  AN  EXPLANATION  IS 

IMPOSSIBLE.  There  are  ideas  for  a theoretical  explanation, 

BUT  i HESITATE  TO  DISCUSS  IT  BECAUSE  TOO  LITTLE  IS  KNOWN.  1 
WANT  TO  MENTION  ONLY  ONE  THING:  APPARENTLY  THE  HIGH  LIFT  COEF- 

flCIENTS  appear  for  SUCTION  ONLY  IF  AT  ALMOST  CONSTANT  SUCTION 
WE  DECREASE  THE  VELOCITY.  WHILE  STARTING  AT  HIGHER  VELOCITIES 
THE  VALUES  ARE  NOT  SO  HIGH. 

The  suction  and  ois.charge  quantities  at  which  the  unusually 


HIGH  LIFT  COEFFICIENTS  OF  C^  = 10  WfRE  MEASURED  ARE  VERY  LARGE, 

SO-  THERE  IS  NO  PRACTICAL  USE  AT  THIS  TIME  FOR  THE  UNUSUAL  VALUES. 
iM  ORDER  TO  OBTAIN  LIFT  COEf-iCIENTS  C^  = 10  A REQUIRED  DIS- 
CHARGE QUANTITY  COEFFICIENT  OF  Cq  = •07'),  BUT  WITH  SUCTION  CQ-.23* 

At  medium  lift  coefficients  (c^  ==  3 consumption  in 

SUCTION  IS  still  LARGE  OUT  TOLERABLE.  OU T AS  THESE  HIGH  LIFT 
coefficients  are  usually  needed  only  for  A VERY  SHORT  TIME  AS 
FOS  * A pi  DING  OR  iN  AIR  COMBAT^  WE  CAf<  IMAGINE  THAT  THE  SuCTiOt’i 
OR  DISCHARGE  OUTPUTS  COULD  BE  CREATED  BY  ROCKETS  WITH  SIMILAR 

RESULTS.  Regardless  of  these  practical  possibilities,  the  dis- 
covery THAT  it  is  possible  TO  REALIZE  FLOWS  WITH  SUCH  UNUSUAL 
LIFT  COEFFICIENTS  SEEMED  CF  ENOUGH  IMPORTANCE  TO  ME  TO  REPORT 


ABOUT  IT  here 
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The  second  configuration  of  the  s\;ept-wlng,  blowlng- 
diict  nockup  was  fabricated  and  tested.  The  results  were 
very  favorable.  Ac  a comparison  with  the  first  configuration 
1st  Configuration 
Q = 9.85  ft^/seo 


V — 398  ft/ SCO 

2 

Duct  losses^  122,5  Ib/ft 
= 4.875  q 

Avail. Energy  = 178.0  Ib/ft^ 
= 7.1  q 


2nd  Configuration 
0,  = 10.0  ft^/sec 
= 409.5  ft/sec 


^^^Sexlt 


Duct  losses  = 80.4  Ib/ft^ 
= 3.2  q 

Avail, Energy  = 169.2  Ib/ft 
= 7.55  q 


In  these  relations  the  tunnel  dynamic  pressure,  q,  was  assumed 
to  be  6 Inches  of  alcohol  or  25.3  pounds  per  square  foot. 

The  velocity  distribution  Improved  considerably  along 

* 

the  entire  span.  From  the  root  (Sta,  42.75)  to  approximately 
Sta.  65.00,  the  velocity  increased  slightly  and  was  generally 
more  stable.  Fi^on  Sta.  65,00  to  st?-.  75,00  (Sta.  72.35  the  tip) 
there  was  25  percent  lees  decrease  in  velocity  for  the  second 
configuration  than  for  tlxo  first. 


T*  V«»  V-.  A ^ ^ *1  +•  o 
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lit; 


^ o A ^ r»  ^ r*  ry  ^ v>  ^ Vv/\ 

^ w,  xi;aO  ^ kA  Lix 


svepu  wxii^  liiouex  V ru  I— ; • xixc  uxuw  o liioOrLiip 

now  being  changed  to  a suction-duct  raockup. 

Jet  nump.-  The  steam  Jet  pujitp  experimental  program 
\-ms  temporarily  discontinued  until  a steam  superheater  is  re- 


r -.^.3  » ^ T T 

CUXVCrU  clilU.  Lii  C 1/cxj-u.v. 


t i •.'x*.  v>xOt^ClXW\A  ^VXX^O.iX 


outlined  the  experimental  results  obtained  from  the  present  pump 
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